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( 54) Method and apparatus for receiving GPS/GLONASS signals 



(57) An electronic system (100) for receiving i spread 
spectrum signals, in particular GPS and/or GLONASS 
signals is described. In particular, the funrt.onal spec*- 
cln for the design of an advanced IGPSi rtfcr«£ 
MASS receiver (AGGR) is disclosed. The AGGR is 
preferably fabricated including at least one sub-system 
implemented as an application specific integrated orcurt 
(ASIC) The present disclosure describes the AGGR 
iunctionality and its modes of operation to a detail aiow- 
ing a future user of the device to understand .te features 

POKOIV 



and limitations and to assess its suitability for an envis- 
aged application. A method and an apparatus are 
described for processing received spread spectrurr .sig- 
nals modulated with a unique pseudo-random code 
including a capability of hierarchically cha.n,ng a plural- 
ity of channel modules in series, specrfic forms of delay 
line units and correlator units which can process CA- 
code. P-code and Y-code signals. 
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such as GPS and/or GLONASS. 
TECHNICAL BACKGROUND 

ton. .Jin** vn f* (GLONASS) system. N Howard . E . Aardoom. R. Daly. 

ranoei A GPS receiver is known from US 5.293.1 70 vmrai ca ^ registeR . 

K Incited wHh an ^^nE^ SEE Si**- ** * ^ 

3S ^"ZZ^^™***^*""* 



AIMS OF THE INVENTION • ■ ed spread 
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eceived spread spectrum signals r^^i^^S^S^ code; a first demodulator for sequentially 
comprising: a generator for generating, i ^^^^SS^pmMkHmkm code at regular time inter- 
demodulating the received spread spectrum agnate wrth meps^ & ^ 

vals; a first integrator for integrating the 0"*«t of the f «* second version having, in any 

second versions of the first locally generated replica ^J^Jnaol «ie first replica; a second demodulator for 
one time interval, a selected drfferent M «mpnd ^J^*^iSm intervate with different ones 
sequentially demodulating the receded spread seSS single integrator for integrating each 

ofttie second versions of the first replica and outputting the resute. and a secona ■ a 

output of the second demodulator separately. also orovide a method for tracking received spread 

spectrum signals modulated with a umque ^°" r ^ fl ^ m t °^ se !^ ntia | ly demodulating the received spread 
generating a f irst locally generated replica of the £^^d at regular im6 inter vals and inte- 
grum signals with the first locally generated r*pl.ca of he^e^fl rn ceo *v ^ ^ rf 
gating the result of each demodulation stepjn a ^7*^1^ second version having a 
5 LoS versions of the first locally 0«—^^^*J r ^nCone time interval; sequentially demodulat- 
selectably different timing compared wrth ^^^^mseoJye^ of the first replica at regular time 

. Sl6, Theapparatusormefrodo,^ 
fooT^ 

3S receiid spread spectrum signals, at code; comprising: a first pluraTrty of 

acquisition pseudo-random code and a second pr»n ""^^J-^,- any one 0 f the first plurality of corre- 

cSelators. a second pluralist ^f^^^X^^^ and Becond uniqUS 
lators to correlate the received spread spectrum signals with respeci 

dom codes. . „. inn flls0 naMe a method for despreading received spread 

40 [0018] The third errtxxiimerrttf the p^ 

spectrum signals, at least a part of the receded J correlators and a second plu- 

£«». code and a second precision ^^^SSi S2?2S S the first plurality of correlators so that 
nitty of correlators, the method comprise the *^^^^ a ^ pKt to one of the first and second unique 
this correlator correlates the received spread spectrum s.gnals witn respeci 

45 pseudo-random codes. ^ second embodiments or in combination with 

55 longer than the integration period of the first «WJ* ^ f despr eading received spread 

BW11 ™* fourth embodiment * . the ^ "<*,ue coarse acquisition pseudo- 
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intenratina the result of the demodulation, the 

spread spectrum signals wHh a '^^X^^^^ *"> ^ *° 

Segrating step including the steps of: .n^ratmg fre resuj from , second integrator; avd ^e- 

the first integrator. , . first to embodiments or any sub-corn- 

L2 spread spectrum signals receded from at least * " pseudo-random known code modulated 

spr«d specVum signals includes a ^ *«W^^^S3?. delay line connected to the gen- 
Sereon. comprising: a generator for generatng i a angle ^^S^ available at different relative phases 
erator. the delay line having a 1^^^^^^^^ of the received L1 and 12 signals with the 
thereof, a first demodulator connected ^nd demodulator selectably connectable to any 
single replica of the known code wrthout any sul »™ ^J; ■ s ^ ^ { ^ ^ a de iayed replica of 

one of £ taps of the delay line for and 12 signate for demodulation by 

the known code, and a switch for ^^^^^^^S^ by the second demodulator, 
the first, and to switch the one of the received LI "J^SElSSIoLl ^ ^Vead spectrum signals received 
[00241 The f ifth embodiment may also prov.de a m ^ h rf p P '^ h ^^ e ^: nals T nc , ud e S a unique frequency car- 
, K at least one sate.l«e of a general a single replica 

rier with a known pseudo-random cede m ^ ul ^^'"Xa delay line having a plurality of taps wherefrom the 
of the known code; applying the single ^^^2^22 one of the received L1 and L2 signals with 
code replica is available at different ^f'^^^S^Zd^ the other of the received L1 and L2 

taps of the delay line. in «,mhination with any of the first to fourth embodiments or with any com- 

. MitSTKE ™r -i - — ^ ~ in despread,n9 L1 

and L2 signals from a Glonass or GPS igtabd | "J^^JJ^ ^ prowide an apparatus for processing LI and 
[0026] 'nacc^rdancewithasixthernr^im^Ulw wherein each ^ 

L2 spread spectrum signals received from at lead one sate ^ « a ^ pVeudo-random P-code and an unknown 
spread spectrum signals includes a umque ^"^^miSS^ a first demodulator connected to the 
35 code modulated thereon, comprising: a STrepS of the P-code; a second demodulator 

generator for demodulating one of the receded L Si^ft, P «ode; a f irst integrator for repetitively 

for demodulating the other of the'ecejvedU and "^jJ^S**- time periods related to the unknown 
. and separately integrating the demodulated one ^J"™^^*^ other of the L1 and L2 signals over 
code; a second imegrator for repetitive^arKi se^ 

40 time periods related to the unknown code; ■"J^^rSi L?and L2 signal paths; and a phase adjuster 
two LI and L2 signal paths with ^ ■"l"*'*^^ incoming ..Tand L2 signals in order to 

for adjusting the phases of the locaUy genemted M» '^J^Llor includes: a comparator for comparing 
maximize the power of the correlated L1 ^^^SSSTwUm for indrvidually combining the values 
the absolute value of the integrated demodulated ^^iSS taring the sign of the integrated demodulated L1 

and L2 signals. The combiner may be a multiplier. Dr0C essing L1 and L2 spread spectrum signals, the 

so [00271 The sixth embodiment ^may ^^^^^^^^Bm.^^^^ 

received signals being received from ^J 6 ^^^ 8 ^ !^JJj££ and an unknown code modulated thereon. 

includes a unique frequency carrier ■ ^^^p^^oduteting the received L1 and L2 signate 

comprising the steps of: locally generating repjeas p ^ ^ ^ ^ nals w me penods 

withreplicas of the P-code; repetitively and separate* £ £E each of the two L1 and L2 signal paths witti 
55 related to the unknown code; correlafrng a resuft ^T^g^SS^ the phases of the locaHy generated P- 

the integrated signal of the other of the Uand L2agnal P^^noa ^ ^ rf ^ L1indl2 s, g . 

code replicas relative to the incoming L1 and fJ^^^SSte deterrrtne information of the location of the 

nals whereby the resulting locally generated P-code phases are useaae » 
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5 combining step may be a multiplyng step. embo di me nts or with any combination of these. 

ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0030] 

Fig 1 isa schema*c U c<*d^ 
„ P F r 2 1sTs« representation of a part of the correlator unit in accordance with one embodiment o, the 
STTJES-c representation of a channe. matr * in accordance with an embodiment of the present inve, 

P^aschematicrepresen^ 
25 S^B a schematic representation of a hierarchic*, chain o. CA^hanne, modu.es in accordance with an embodi- 

of a dua. frequency channe. in accordance w«h an embodiment of the present 
L nVe ^ 0 a n a nd h a schematic representation of slaving control circuits for a CA^hannel module and a CaP-channel 

35 embodiment of the present invention acC0 rdance with an embodiment of the present invention. 

ETS ****** - a Cae<»*, mw*r in ace.rtance » «*««'~"' « «» 
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DEFINITIONS 
[0031] 



rDC Ar owa^s satellite are placed on one carrier (L1) and tne same r-euu»» y« 

SSsiassssssu.- 
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phase and code carrier frequency cycle counter and phase far each channel). 
Pseudorange measurements: Synonym for code-phase measurements. 

Bit Numbering and Naming Conventions 



20 



[0032] 

low. For example, ResetN is an active low signal. 
List of Abbreviations 



25 [0033] 

ADC: 

ADSP21020: 
AGC: 
30 AGGR: 
AGGA: . 
AOCS: 
AS: 
ASIC: 
35 CA-code: 
CaP-channel: 
CDMA: 
DAC: 
DSP: 
40 E: 

EGNOS: 
EOW: 
ERC32: 
GLONASS: 
45 GNSS: 
GPS: 
I : 
IF: 
IO: 
so L : 
L1: 
L2: 

LFSR: 
LSB: 
55 MSB: 
MSPS: 
MTSAT: 
NCO: 



Analogue to Digital Converter 

Analog Devices Digital Signal Processor 21020 

Automatic Gain Control 

Advanced GPS/GLONASS receiver 

Advanced GPS/GLONASS ASIC 

Attitude and Orbit Control System 

Anti-Spoofing, technique by which the GPS P-code is encrypted 

Application Specific Integrated Circuit 

Coarse Acquisition code 

Channel that can process CA- and P-codes 

Code Division Multiple Access 

Digital to Analogue Converter 

Digital Signal Processing 

Early correlation 

European Geostationary Navigation Overlay System 
End Of Week 

Embedded Real-time Core. 32-bit Sparc microprocessor 

Global Orbiting Navigation Satellite System 

Global Navigation Satellite Systems 

Global Positioning System 

In-phase 

Intermediate Frequency 
Input-Output 

S* d 575.42 MHz for GPS, 1602.0 + 9/16 *ch MHz t» GUNASg) 
gTer £Z3 (1227.6 MHz for GPS, 1246.0 + 7/16 *ch MHz for GLONASS) 

Linear Feedback Shift Register 
Least Significant Bit 
Most Signif icant Bit 
Mega Samples Per Second 
Mobile Transport Satellite system 
Numerically Controlled Oscillator 
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p- Punctual correlation 

PCB: Printed Circuit Board 

P-code: Precision code 

PLL: Phase-Locked Loop 

PN-code: Pseudo-Noise code 

POD: Precise Orbit Determination 

PRN: Pseudo-Random Noise 

Q: Quadrature 

RF: Radio-Frequency 

SA: Selective Availability 

SM: Sign/Magnitude 

SNR: Signal-to-Noise Ratio 

SV Space Vehicle 

W-code: Code used to encrypt the GPS P-code to form the Y-code 

WAAS: Wide Area Augmentation System 

Y-code: Encrypted GPS P-code 



so 
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DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS 

r00341 Tne present invention will be described with reference to specific embodiments and with refe rence to certain 
So. U K invention is not limrted thereto but only by the claims. FurBne, Jj^^jj^ 
described with reference to global positioning and navigation systems such as GLONASS or GPS but the presem 
«nn fe notTmited thereto but only by the claims. In particular, the present invention may find appl.cat.on with 

SrtolaT^e functional specification for the design of an advanced GPS and/or GLONASS server (AGGR^ Ms d.s- 
c?os£ ^e AGGR is preferably fabricated including at least one sub-system ^plemented « an 
irtegTated rircuit (ASIC). The ASIC implementation of the AGGR will be referred to as the AGGA. ™ e H . A ^ R /™* P"' 
♦vnteriu *e ASIC (AGGA) may be used in a variety of combined GPS/GLONASS recervers for a multitude of apphca- 
E5 indu^i ^SS^l^^ - mobile telephone systems, persona, location devices. h,gh 
orecision scientific instruments and satellite attitude and orbit control systems. ;„, an . nn are> 

Themaki functional units of an AGGR 100 in accordance with an embodiment of the present invention are 
l l n JIJ^vtaFtal The AGGR 100 may comprise a linear arrangement of a microprocessor 101. a d.g.tal 
!S?TS5iRi2 S * SmTSr antennae, e.g. an antenna array. 104. The microprocessor 
^^ ^^SS^SLm and controls the operation of the AGGR 100. The correlator 102 composes a 
dumber of ^a^teTchanT^ules which can acquire and/or track spread spectrum signals. e.g Jhose ^recerved 
number * ^a™** w own. 1Q2 h the capability of multipath mitigation and/or calibration 

sS^icTcan tS us* 1 by the correlator 1 02. A suitable f ront-end un« 1 03 is known from co-pending European. * 
entXpSn No. 978701 i.7 "Method and Apparatus for receiving and converting spread spectrum signals which 

not «m«ed thereto and other forms of circuits may ^.^^£^"2 
block diagram of an AGGA 10 in accordance with the present invention is shown in F.g. 2. The AGGA 10 oanpraat 
I nwS^ctional Uocks- a front-end interface 2 which interfaces with the front end 103. a channel matnx 3. a time 
Ss Zrato^doc^^a 5. a microprocessor interface 6 which toterfaces with the receiver 

To SrTupt corrfrolfcA a genera, purpose .0 port 8 and «^^«2"b?l * 
is distributed to all modules 1 -9. The modules 1 -9 may be connected together via an .ntemal bus 1 . 
SSmtta Waring description reference may be made to registers. These registers are "« h *™V^££ 
SrtmL beTcSed onihip. La on the same chip as the AGGA 10 ASIC. A memory map may be P™*£w *« *» 
£o£ liaton d each register may be known to the microprocessor 101 independent of the specrfic des.gn of th* 

S^rort-end interface 2 accepts digitized Intermediate Frequency (IF) input signals ADCIrtO - Ttonjrh^- 
EJJL IS 1 03 The IFsional teZcecan be real or complex. When real, the signal may be transformed into an 
^£^SSS and down^nverted by a M - 
freauency When Ihe input IF signal is complex, it is represented as an In-Phase (I) and Quadrature (Q)va Kie on wo 

wmate «n san/maanitude unsigned, two's complement and three-level comparator output. Furthermore, an est 
SStlSrS^ -nay olmeasured to be used for automatic gain comro. (AGC) purposes. 
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for instance, a signal level detector (not shown) may estimate the signal-plus-noise power of the I or Q branch of a com- 
plex signal and may be time shared by all inputs. 

[0039] The channel matrix 3 contains a plurality (N) of independent channels, and may find general use in despread- 
ing spread-spectrum signals. In particular, in accordance with one embodiment of the present invention each channel 

5 may be capable of L1 or L2 CA-code processing. These channels can also be configured into groups of three to form 
up to N/3 independent dual-frequency tracking channels capable of tracking CA-code on L1 or L2 and P-code on L1 
and 12. Furthermore, channels can be grouped in several other ways to support functions such as fast acquisition, atti- 
tude determination by means of interferometric carrier phase measurements and multipath mitigation. 
[0040] The number of channels N in an AGGA 10 is determined by how many can be integrated in the chosen tech- 

10 nology. Each channel can be configured independently to track a GNSS signal. Dual-frequency channels support P- 
code and Y-code tracking. At the end of each measurement epoch, carrier and code phase values for all channels are 
latched into a set of observable registers (not shown). At the end of the integration epoch (individual for each channel) 
the code correlation values are latched into a set of correlation registers (not shown). The correlation values are used 
by the receiver firmware to close the tracking loops, including carrier and code phase error computations, application of 

75 loop filters, and estimation of signal and noise amplitude. The observables are used by the receiver firmware to derive 
the position, time, velocity and in some cases attitude. The measurement epoch is provided by the time base generator 
4 and is common for all channels. 

[0041] The time base generator 4 preferably produces three periodic strobe signals EpochClk, MEO and OnePPS 
for accurate receiver time-keeping and observable measurements. The EpochClk output has a nominal frequency of 1 

20 kHz and is the clock signal for the integration level epoch generation, the measurement epoch generation and the 
antenna switch controller. The measurement epoch output MEO is asserted to indicate the end of each measurement 
epoch. The measurement epoch input MEI accepts the MEO strobe from another AGGA 10 to enable synchronization 
of the observable measurements in configurations with more than one AGGA 10. The time base generator 4 also gen- 
erates a one-pulse-per-second {OnePPS) signal to which external equipment can be synchronized. 

25 [0042] The clock generator 5 produces one internal clock signal CoreClk and three external clock signals SampleClk. 
GenClk and ProcClk, all derived from an external clock. For instance, the AGGA 10 can generate clock signals for the 
ADC's and the internal channel matrix 3, a GP2010 front-end as made by GEC Plessey Semiconductors, UK and the 
receiver microprocessor 101. The different clock frequencies can be programmed individually. Three dedicated inputs 
are provided to program the clock division ratio of the microprocessor clock. 

30 [0043] A microprocessor 101 can access the AGGA 10 through the microprocessor interface 6. The AGGA 10 may 
behave as a generic memory-mapped peripheral. An internal address decoder (not shown) may be provided in the 
microprocessor interface 6, which allows the microprocessor 101 to address up to 4 AGGA's 10 using only a single chip 
select line. Two dedicated inputs are provided to select the valid address range of the AGGA 10. The interface 6 is pref- 
erably directly compatible with the Analog Devices ADSP21020 and the ERC32 Sparc chip set. It is 32-bit wide and 

35 does not require wait-states at the specified processor clock frequencies of 20 MHz and 14 MHz for the ADSP21020 
and ERC32, respectively, under the condition that the CoreClk frequency of the AGGA 1 0 exceeds the microprocessor 
clock frequency. Otherwise, the microprocessor 101 must insert wait-states to ensure that a read or write operation 
exceeds the CoreClk cycle time. 

[0044] When various modules within the AGGA 10 require action by the microprocessor 101, this can be signaled 
40 through interrupt requests. The AGGA interrupt controller 7 receives these interrupt requests, stores them in a interrupt 
status register (not shown) and generates an external interrupt request. To connect multiple AGGA's 10 with a single 
interrupt signal to the microprocessor 101 the interrupt controller 7 may have two external interrupt inputs, allowing a 
number of AGGA's 1 0 to be connected, e.g. as a binary tree. 

[0045] The parallel IO interface 8 supports functionality such as system monitoring and control functions, e.g. moni- 
es toring lock indicators of the external down-converter frequency synthesizers, or power-down of external circuitry. The 
output port 8 can, for example, be used for controlling parallel DACs for the front-end AGC functions. All IO pins are 
preferably unidirectional to prevent accidental short-circuits due to incorrect programming of the direction of IO drivers. 
[0046] The antenna switch controller 9 provides means to control antenna switching for up to four antenna units 1 04, 
for instance, in a hybrid parallel-multiplex attitude determination GNSS receiver 100. tt also produces a antenna switch 
so epoch strobe which signals an antenna switch event and which is used to store correlator readings of all channels con- 
figured as slave channels. In configurations with more than one AGGA 10 only the antenna switch controller 9 of one 
master AGGA 10 need be enabled, while all other slave AGGA's 10 preferably use the Antenna Switch Epoch Output 
(ASE) of the master AGGA 10 to control their respective correlators 102. 

[0047] A structure of the channel matrix 3 in accordance with one embodiment of the present invention is shown sche- 
55 matically in Fig. 3. The channel matrix 3 includes a plurality of processing channels 30 to 41 . Twelve channels are 
shown but the invention is not limited thereto. All channels 30 to 41 preferably have identical functionality for CA-code 
tracking. Any channel 30 - 41 can also be configured to process unmodulated input signals, a feature which is provided 
for the calibration of RF front-end group delay variations. Channels 30, 33, 36, 39 which can only track the CA-code are 
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called CA-channels while CaP-channels 31. 32. 34. 35. 37. 38. 40. 41 have additional functionality to enable them to 
track also P-code or Y-code modulated signals. A separate P-code unit 42 - 45 per dual-frequency channel generates 
the replica P-code for the pair of CaP-channels. e.g. 37. 38. when one CA-channel 36 and two CaP-channels 37. 38 
are grouped to form a dual-frequency channel (one column of the channel matrix 3 as shown). 
[0048] The channels 30 - 41 can be selectively slaved as indicated by the dashed or solid lines in Fig. 3. Slaving 
means at least that certain signals or signal parameters generated by the master channel (usually a CA-channel) are 
used by the next channel in the sequence or chain. Channels may be hierarchically chained together. For instance, for 
rapid acquisition all the CA-channels 30, 33. 36. 39 may be slaved together, the timing for the despreading operation 
used by one channel being passed on to the next channel in the sequence which adds a delay, attempts a correlation 

•o with the received signal and passes the delayed timing to the next channel and so on. By slaving, unnecessary re-cal- 
culation of signal parameters already calculated or used in the channel before may be avoided. In particular the speed 
of acquisition can be increased. ... _ 

[0049] The operation of the channel matrix 3 is preferably entirely controlled by the external microprocessor 1 01 . The 
basic functions of each channel 30 - 41 are: selection of one of eight complex output signals /GO - 7 from the front-end 

is interface 2 down-conversion of the selected complex sign-magnitude signals /QO-7 to baseband, despreading of the 
complex baseband signals with the on-chip generated CA or P replica code and integration over a programmable time 
interval. The result of these integrations are the correlation values. Together with the observables. which are the earner 
and code frequency and phase measurements, they are the outputs of the channels 30 - 41 . 
[0050] A CA-channel 30, 33, 36. 39 preferably can process L1 or L2 CA-code modulated GNSS signals but not P- 

zo code or Y-code modulated signals. A block diagram of a CA-channel 30 in accordance with an embodiment of the 
present invention is shown schematically in Fig. 4. An input selector 302 selects one of the eight complex front-end 
interface output signals /QO-7 with sample rate equal to the CoreClk rate. In an image reject mixer 305 any residual car- 
rier frequency is removed by rotating the selected complex signal by an angle determined by a earner generator 304. 
resulting in a complex baseband signal. A correlator unit 307 then despreads this signal using three CA-code sequence 

ss combinations E P and L (early, punctual and late) and integrates the result during a programmable integration period. 
Hence the correlator unit 307 includes six accumulators: three for each of the I and Q branches (not shown). The out- 
puts of' the correlator unit 307 are the correlation values. In the case of hybrid parallel-multiplex attitude determination, 
the integration period can be controlled by the antenna switch epoch {ASE) strobe. 

[0051 ] The three CA-code sequences E, P and L are derived from a single CA-code sequence generated by the CA- 
so code unit 306. The delays between the E, the P and the L sequences are determined by the settings of the CA-code 
delay-line unit 308 The CA-code chip rate is determined by the code numerically controlled oscillator (NCO. not shown) 
of the CA-code unit 306. The CA-code unit 306 also controls the length of the integration interval. The observables are 
sampled on the MEO strobe. The data and the address buses D and A are used by the microprocessor 101 to access 
the registers in the channel. 

35 [0052] Within one AQGA 1 01 each CA-channel 30. 33, 36, 39. or CaP-channel 31 . 32, 34, 35. 37, 38, 40. 41 , oper- 
ating as a CA only channel, can be slaved to another channel as shown by the dashed or dotted lines in Fig. 3. The 
signals which can be used in slaving are preferably AngleExt, CodeExt and CorrCtlExt (carrier rotation angle, the 
locally generated code and associated correlator control signals), respectively. It is preferred in accordance with the 
present invention if not every channel can be slaved with any other channel as this is wasteful of resources and brings 

w little processing gain. The slave channel selection rule for the channels shown in Fig. 3 may be summarized as follows: 
any channel Ce(0. N-1) may be slaved to a channel which satisfies (C-1 mod N) or (C-3 mod N). The means that a 
channel may either be a slave of its previous neighbor in the same column (or the bottom of the previous column if C is 
at the top of a column) or be a slave of the channel in the corresponding position in the previous column (or in the last 
column if C is in the first column). The ability of the receiver in accordance with the present invention to select one of at 

45 least two candidate channel modules for the next module in a chain is a significant advantage over the known receiver 

of US 5,600,670. m ^ . . 

[0053] Fig 5 shows schematically an embodiment of the present invention having one master 30 and two slave chan- 
nels 33 36 tracking CA-code only modulated signals. Each of the CA-channel 30. 33. 36 may be identical, components 
of the channels not used in this embodiment are not shown for clarity purposes. Alternatively, one or more of the chan- 

so nels 30 33 36 may be CaP-channels 31 , 32. 34. 35. 37, 38. 40. 41 of which only the components are shown required 
for CA-code acquisition. This configuration can be used for fast CA-code acquisition and for differential earner phase 
measurements in attitude determination applications. The carrier rotation angle (AngteOut) for all channels is gener- 
ated by the master carrier NCO unit 304 and distributed to all slave channels 33. 36. Likewise, the code {CodeOut) and 
associated correlator control signals (CorrCtlOut) for all channels 30 - 36 are generated by the master code unit 306 

55 and distributed to the code delay line unit 338 of the first slave channel 33. which distributes these signals further down 
the chain. 

[0054] In accordance with a specific embodiment of the present invention the replica CA^ode sequences may or may 
not be delayed by the code delay-line units 308. 338, 368 of the master and slave channels 30. 33. 36 depending on 
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the application. In accordance with the present invention the code delay-line units 308, 338. 368 may be programmed 
differently for fast acquisition and attitude determination, respectively. For fast acquisition, front-end input selectors 302, 
332 362 of all channels 30. 33. 36 are set to the same output of the front-end 1 03 and all delay-line units 308. 338. 368 
are programmed to 1/2 or 1 CA-code chip delay. The correlator units 307, 337, 367 correlate the individually delayed 
CA-code sequence with the received signal - the more channels process the same signal simultaneously, the faster 
synchronization will be achieved. In accordance with one aspect of the present invention, the same signals from the 
front end 1 03 are processed by a selectable number of channels up to the maximum number of channels which can be 
assigned to the task of acquisition, hence resulting in rapid acquisition. 

[0055] On the other had. for attitude determination, all input selectors 302, 332. 362 are set to a different front-end 
output (i e they all receive the same basic signal but each one from a different antenna 104) and the delay-line units 
308 338 368 are programmed for zero delay, such that all slave channels 33, 36 receive CA-code sequences from the 
master CA-code unit 306 with identical phase, ft is a particular aspect of the present invention that the delay line units 
such as 308 are selectable for one of a plurality of predetermined delays or for no delay depending upon the applica- 

[0056] As shown schematically in Fig. 6, a combined CA and P (CaP) channel. e.g. 31 or 32 contains all the function- 
ality for CA-code operation as described above with respect to Figs. 3 - 5. e.g. the use of the image reject mixers 315, 
325 with additional enhancements to the correlator units 31 7, 327 for P-code and Y-code operation. A separate P-code 
unit 42 - 45 per dual-frequency channel generates the GPS and GLONASS P^xxJes and their associated integration 
control signals. Each CaP-code correlator unit 31 7, 327 is specially adapted for the integration of P-code and Y-code 
signals. More detail will be provided later with respect to codeless acquisition of the Y-coded signals in accordance with 
the present invention. 

[0057] Normally a CA-channel such as 30 provides the carrier rotation angle for the L1 P-channel such as 31 . How- 
ever the L1 P-channel 31 can also use its internal carrier generator (not shown in Fig. 6 for 31 but similar to 324 of 32) 
to generate the carrier rotation angle (this may be advantageous for better carrier phase performance in the presence 
of multipath) The correlator units 31 7. 327 of the CaP-channels 31 , 32 are controlled by the CA-channel IntEpoch out- 
put signal, which is part of the CorrCtl bus. Hence the correlator units 307, 317, 327 of the CA-channel. the L1 P-chan- 
nel and the L2 P-channel, respectively, of a dual-frequency channel integrate over the same time period. The IntEpoch 
signal is also used for triggering the P-code generator during P-code acquisition and is therefore also input directly into 
the P-code unit 42. The rate at which the P-code for the L1 and L2 channels 31 , 32 is generated is programmed in the 
code NCO'S of the CA-code units 316, 326 of the L1 P-channel 31 and of an L2 P-channel 32. respectively. 
[0058] In accordance with the present invention it is preferred if only two dual-frequency channels can be slaved in 
accordance with the rules defined by the dotted lines in Fig. 3. Such slaving doubles the number of correlator units avail- 
able for tracking the P-code on L1 and the P-code on L2, a feature which is provided for multipath mitigation (at the cost 
of halving the number of available channels). 

[0059] Some hardware is provided in accordance with the present invention to allow different groups of channels to 
be slaved together. The more possibilities that are allowed for grouping together channels, the larger the overhead on 
signal lines and multiplexers. Further, with current clock frequencies, the sum of all delays which can be tolerated is lim- 
ited by the repetition rate of the received signals. Hence, the channel slaving requirements within one AGGA 10 in 
accordance with the present invention are preferably up to four single-frequency channels or up to two dual-frequency 
channels If a channel is configured to accept external carrier phase angle, code and correlator control signals, the slav- 
ing multiplexers of the channel matrix 3 are preferably programmable to select the desired slaving sources. Selection 
may be done by means of multiplexers or selector gates as shown schematically in Figs. 7a and b. With reference to 
Fig. 4 the rotational angle for correction of the carrier phase may be supplied internally or externally, the selection being 
made by a selector circuit, e.g. a multiplexer 304. The external Angle signal may come from one of two other previous 
channels depending on how the connection in the slaving chain is formed, either the previous neighbor (C-1) or the one 
three back (C-3). Hence, as shown in Fig. 7a a selector circuit is provided, e.g. a multiplexer 29, which selects between 
the Angle signal supplied by either the C-1 or C-3 channel depending upon the AngleSel signal. Similarly, the selection 
between external or internal Code signals in Fig. 3 is made by a selector circuit, e.g. a multiplexer 303. Which external 
Code signal is selected for the channel 30 is determined by a selector circuit. e.g. a multiplexer 28 depending upon the 
CodeSel signal. The signals that can preferably be slaved are Angle, Code (CA^or P-code) and various control signals 
grouped into CorrCtl. as shown in Figs. 7a and b. Two related signals, DoubleChipRate and IntEpoch, are grouped as 
part of the CorrCtl bus to simplify the block diagrams. 

[0060] The control circuitry shown in Fig. 7b for a Ca-P channel module resembles that of Fig. 7a. e.g. selectors 26 
and 27 are equivalent to selectors 29 and 28 respectively. In addition a further selector 25 is required to select whether 
the P-code is taken from a P-code unit or is received in slaving mode. In addition a selector 24 is required to control 
whether the SignlnSec is external or local. This signal will be described later with respect to the extraction of Y-coded 

signals. . _* AU 

[0061 ] The code delay-line units such as 308 may produce Early (E). Punctual (P) and Late (L) versions of the replica 
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code and optionally a veision ol IntEpoch. The code delay units in accordance with the present invention such as 308 
may find general use in spread spectrum systems. e.g. in direct sequence CDMA. In accordance with an embodiment 
of the present invention the delays between the E. the P and the L code outputs are programmable. The three code out- 
put sequences are used by the correlator units such as 307 to despread the complex baseband signal. 
[00621 Rg. 8 shows schematically a code delay-line block diagram in accordance with an embodiment of the present 
invention A code delay-line unit. e.g. 308, selects three code phases E. P. L from a 13-stage delay-line 52. The output 
sequences are spaced by multiples of either half a code chip or one CoreClk period. The former « only vahd for code 
chi rates lower than one<,uarter of the CoreClk rate. The clock source is ^^^•■^f 4 ^^ 
or DoubleChipRate. The P version of the Code is taken from one tap of the delay line 52. The delay from the input Code 
sional to the P version thereof is at least two DLCtodk periods and at most seven DLCIock penods (default value^ 
CodeOut (passed to the next channel module in the chain if one exists) is either a non-delayed or a delayed version o 
the code and is used for channel slaving. The selection between non-delayed and delayed is made in the selector arcurt 
56 For configuring channels for attitude determination a zero delay between Code and CodeOut « selectable. By 
selective operation of the two selector circuits 51 and 53 the delay from Code to the delayed vers.on of CodeOur can 
vary between two and thirteen DLCIock periods. By selective operation of selector circuits 51 and 55. the delay from 
Code to E can vary between one and six DLCIock periods. 

[00631 Delay-line units such as 308 from several channels can be cascaded to produce code sequences with delays 
laraer than those possible with a single delay-line 52. This feature is provided for rapid acquisition and multjpatfi mitiga- 
tion A switch control module 58 supports the 1ime-muftiplexing of code sequences at different code spacings. This tech- 
nique can be used for multipath mitigation measuring of the correlation profile. It is however not preferred m applications 

r0064 The ChipSpacingPL field of the DelaylineMode register (e.g. part of on-chip memory) sets the chip spacing 
between the P and L code sequences. The following chip spacings between the E and P sequences or the P and L 
sequences can be programmed using the selectors 51. 55. 57: T. 2T. 4T. 6T. and 1/2 chip. 1 chips. 2 chips or 3 chips, 
where T is the CoreClk period. As a consequence the following chip spacings between E and L sequences can be pro- 
grammed : 2T. 3T. 4T. 5T. 6T. 7T. 8T. 10T. 12T and 1 chip. 1.5 chips. 2 chips. 2.5 chips. 3 chips. 3.5 chips. 4 crops. 5 
chips or 6 chips. The spacing in chips can only be used when the CoreClk frequency is at least four times the ChipRate. 
If this is not the case the chip spacing in multiples of the CoreClk period is preferably used. 
[0065] The input selector 51 is used for cascading code delay-lines of slaved channels. Its purpose is to provide a 
programmable delay between the correlation measurements of the slaved channels. Specifically, it enables a program- 
mable chip spacing for fast acquisition and multipath mitigation. The input code sequence can be fedinto tap 0 to 5 of 
the delay-line 52. For correct behavior, the input selector 51 should select a delay-line tap with a number lower than or 
equal to the number of the tap selected for the E sequence 

[00661 The cascading output CodeOut can be connected to one of taps 6 to 12 of the delay-line 51 or directly to the 
Code input By connecting the output selection of one code delay-line unit to the input of another delay-line un,t. a single 
long delay line consisting of several slaved delay-lines of different channels can be created. This output can be pro- 
grammed independently of the chip spacing. W ««,a 
[0067] In accordance with one embodiment of the present invention, a switch control functionality « used for time- 
sharing of a single correlator over different code sequences. This allows to measure the correlation profite wrthout the 
need of extra correlators and is generally applicable to the despreading of spread spectrum signals. When this tech- 
nique is used a different chip spacing (advance timing with respect to P) is selected for the E sequence by trie selector 
circuit 55 at every IntEpoch interval but a single correlator is used to accumulate the results from each selection. The 
ability to selectively determine timing difference. i.e. the delay or advance, between the E and P or P and L sequences 
for each integration period is a significant advantage of the present invention. One advantage of this method is that he 
number of separate correlators required to measure the correlation profile is reduced. The timing sequence is controlled 
by the switch control module 58. tt is preferably fully programmable to sequence over two to four cycle periods. This 
includes the number of time multiplexed taps (1 to 4) as well as the tap sequence. For example, for a switch sequence 
of three, the switch control sequence can be programmed to be T. 2T and 4T or T. 4T and 6T etc. Theset^sbuffered 
into a register on an IntEpoch strobe so that the microprocessor 101 can read to which E-P spacng the integration val- 
ues correspond. The IntEpoch strobe is used to synchronize the transitions to the next switch setting to the integration 
interval. The provision of a programmable switch 58 is a significant advantage of the present invention as rt aHows i the 
sequential determination of correlation values for the E sequences at a different advanced timing with respect to the P 
sequence, hence allowing generation of a correlation profile without requiring a separate correlator tor eachd^ererrt 
advanced timing of the E sequence. Although the present invention has been described with reference ito the swrtch 
control module 58 controlling the operation of the early delay line 55. the present invention also includes within its scope 
a switch control module for controlling the operation of the late delay line 57 in a similar way. 
[0068] Figs. 9 a and b show two examples of the slaving capability of the AGGA in accordance with the present inven- 
tion. Fig. 9 a shows a possible configuration with three channels configured for fast-acquisition. The delay line units 52, 



11 



EP 0 924 532 A2 

52' and 52" are clocked by the DoubleChipRate signal. Nine complex integrators are configured to correlate nine code 
sequences spaced by 0.5. 1,1.5, 2, 2.5. 3. 3.5 and 4 code chips relative to the first E output tap. Fig. 9 b shows three 
delay lines 52 52' 52" slaved for multipath mitigation. The nine correlators are configured to correlate nine code 
sequences being ET3, EE. E. E-L, P. L. LL 1X3. LT4. With a CoreClk rate of 30 Mhz, the E-L spacing is about 8/3 GPS 
P-code chips or 8/30 GPS CA-cbde chips. 

[0069] The delay-line units such as 308 in accordance with the present invention support multipath mitigation in two- 
ways' channel slaving and time-multiplexing. Channel slaving allows multiple correlators to be cascaded such that more 
samples of the correlation function can be obtained. Fig. 9 b shows an example of three channels with slaved code 
delay-lines. The spacing between two adjacent sequences is 4T With a CoreClk of 20 MHz this is equivalent to 2 P- 
code chips. The right-most part of Fig. 9 b is performed in a despreader module of a correlator unit. 
[0070] A correlator unit block diagram in accordance with an embodiment of the present invention is shown in Fig. 10. 
A correlator unit such as 307 in accordance with the present invention consists of a complex despreader module 62 and 
three complex integrator modules 64. 66. 68. The despreader module 62 multiplies the complex image reject mixer out- 
put signal (Dataln) with three code sequences. Each integrator module 62, 64. 66 integrates a despread data-sequence 
over a programmable integration interval equal for all integrators 62. 64, 66 of a correlator unit 307. 
[0071] The despreader module 62 multiplies the complex baseband signal by three code sequences. Each code 
sequence is a combination of the three spreading code sequences E. P and L Valid combinations of the code 
sequences E, P and L are : (P.E.L). (P.E-L,Off), (P.E-L.E), (P.E-L.L), (P.P.Off) and (B.Off.Off) with Off representing "not 
used" and B representing "bypassed". The principal usage for the different combinations of code sequences are : 

(P.E.L) : This combination is used for fast acquisition or for measuring absolute correlation values of a data 
sequence despread with E t P and L code sequences e.g. for multipath mitigation techniques. Also tracking with 
separate E and L measurements uses this combination. 

(P,E-L.Off) : This combination is used in tracking mode and when no information about the absolute E or L correla- 
tion values is needed. . 
(P.E-L.E) : This combination is used in tracking mode for multipath identification. An extra E measurement is 

obtained when three channels are slaved equivalent to Fig. 9 (b). 

(P.E-L.L) : This combination is used in tracking mode for multipath identification. An extra L measurement is 
obtained when three channels are slaved as shown in Fig. 9 (b). 

(P.P.Off) : This combination only uses the P sequence. This is used in the slave channel configured for hybrid par- 
allel-multiplex attitude determination mode. 

(B.Off.Off) : This combination is used in calibration mode. The despreader 62 is bypassed and only the first inte- 
grator is used. 

The output of the despreader module 62 are three complex sequences of despread data DesprValue 1-3. The I and Q 
value of DesprValue is either -3.-1 , 0, 1 or 3. The value 0 will only occur in E-L configuration, in which case the corre- 
lation values are also divided by two. 

[0072] An integrator module 64. 66, 68 in accordance with the present invention is a complex integrator. The integrator 
module 64. 66. 68 of the present invention may find general application in the despreading of spread spectrum signals, 
e g in direct sequence CDMA receivers. The correlator unit of a CA-channel contains CAncode integrators while the 
correlator unit of a CaP-channel contains CaP<ode integrators. A block diagram of the CA-code integrator module 70 
in accordance with one embodiment of the present invention is shown in Fig 1 1 . 

[0073] A CA^ode integrator acts as a 22-bit adder. However, it is preferably realized in accordance with the present 
invention as a two-stage integrator consisting of a low number of bits accumulator, e.g. a 9-bit two's complement pri- 
mary accumulator 72 and a full number of bits accumulator. e.g. a 22-bit two's complement secondary accumulator 74. 
The result of the primary accumulator 72 is dumped at a rate equal to the CA-code chip rate into a first integration buffer 
73. The second accumulator 74 integrates the dumped contents of the first accumulator 72 over a longer period. e.g. 
one IntEpoch period: The result is double buffered in a second integration buffer 75 and kept until the end of the next 
integration period, when it will be overwritten by the new integrator value. One advantage of this two-stage integration 
is the fact that the power consumption can be reduced dramatically. Only the small primary accumulator 72 is operating 
at the high clock rate, while the large secondary accumulator 74 is only running at the chip rate. The use of a two-stage 
integrator for the CA-code is one of the major advantages of the present invention compared to the known integrators 

of EP 508 621. , ^ 

[0074] In hybrid parallel-multiplex attitude determination mode, the integration values can also be stored into the sec- 
ondary accumulator integration buffers 75 on a ASE strobe. Together with the selection of the (P.P.Off) code sequence 
combination in the despreader module 62, one complex integrator 64. 66. 68 will be programmed to update the second- 
ary accumulator integration buffers 75 on an IntEpoch strobe while the other enabled complex integrator 64. 66, 68 will 
update the integration buffers on an ASE strobe. The integrators themselves are then reset at both IntEpoch and ASE 
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strobes. 



[0075] A CaP-code integrator module 80 in accordance with the present invention can be configured to accumulate 
CA-code modulated signals. P-code modulated signals or encrypted P-code modulated signals, i.e. Yeode modulated 
sianals A block diagram of the CaP-code integrator module according to this embodiment is shown in Fig. 1 2. A CaP- 
code integrator 80 in accordance with one embodiment of the present invention consists of a low number of bits primary 
accumulator e.g. a 9-bit two's complement primary accumulator 82 and a full number of bits secondary accumulator, 
e g a 22-bit two's complement secondary accumulator 84. In normal operation both accumulators 82. 84 will never 
overflow and no data will be lost between the primary and secondary accumulator. The following operational modes can 
be distinguished : 

CA-mode The CaP-code integrator 80 is configured to track CA-code modulated signals and behaves identically 
to the CA-code integrator module 70 described above. The primary accumulator 82 results are durrped at a rate 
equal to the CA-code chiprate into an integration buffer 83. The secondary accumulator 84 is configured to be an 

adder only and is always enabled. . 

Attitude determination mode: In attitude determination mode, the CaP-code integrator 80 is reset both on the 

IntEpoch and ASE strobe. This mode corresponds to the (P, P, off) despreader mode. 

P-mode- The CaP-code integrator 80 is configured to track P-code modulated signals. The only difference between 
the CA-mode and the P-mode is the control of the primary dump logic 81 . The SecondaryEnable strobe controls 
the transfer of the primary accumulator contents to the secondary accumulator 84. while the WChipEdge strobe 
controls buffering and reset of the primary accumulator 82. The secondary accumulator 84 is configured to be an 
adder only and is always enabled (EnableSe! is 0). The secondary accumulator integration buffers 85 are updated 
on the command of the IntEpoch strobe. 

Y-mode- In the Y-mode. a signal is received which consists of a P-code modulated with an unknown W-code. An 
exact despreading is not possible, hence it is necessary to estimate the W-code sufficiently to obtain the timing and 
phase data of the received signals. To decode such a signal, a W-code estimation capability is provided between 
the primary and secondary accumulator 82. 84 of a dual-frequency channel in accordance with the present inven- 
tion^ shown schematically in Fig. 13. There are several modes in which the CA-P integrator module 80 can proc- 
ess W-coded and P-coded signals each of which is an embodiment of the present invention: 

Generally, the primary accumulator 82L1. 82L2 of each channel L1 and U integrates the incoming data (pos- 
sibly despread with the known P-code) over one W chip period (generated in the W-rate generator described later). 
Based on this result the W-Code Estimation unit 86 estimates the corresponding value of the W-rate. 
Codeless Squaring: Functionally the CaP-Code integrator 80 operates as a single adder which adds a sequence 
of samples over an IntEpoch period. This codeless squaring technique requires a circuit (not shown) that squares 
the incoming signal before the adding operations. Incoming samples which have not been despread by the locally 
generated P-code replica sequence are integrated in the primary accumulators 82L1 . 82L2 over a time penod. e.g. 
one W-code interval (assumed known) signaled by WchipEdge. The primary and secondary accumulators 82. 84 
(82L1 82L2; 84L1 . 84L2) are configured in add mode and are always enabled. The secondary integration buffers 
85 are updated on IntEpoch strobes. 

Coded Squaring: Functionally the primary accumulator 82 operates as an adder which adds a sequence of 
despread (with a locally generated replica of the P-code) samples over one W-code interval signaled by 
WchipEdge The secondary accumulator 84 operates as an adder which adds the absolute values of the primary 
accumulator 82. The secondary accumulator 84 is configured to add absolute primary accumulation values by 
selecting the SignlnSec input bit (this is a kind of "squaring"). This bit is preferably the sign bit of the vaJue tram the 
Q-branch of the complex primary accumulator 82 which is processing the "punctual" code replica (P of E. P. L) of 
the first integrator 82 (this branch normally has the highest strength of the relevant signal but the present invention 
is not limited thereto). The secondary accumulator integration buffers 85 are updated on IntEpoch strobes. 
Coded cross-correlation: Functionally the primary accumulator 82 operates as an adder which adds a sequence 
of despread (with a locally generated replica of the P-code) samples over one W-code interval signaled by 
WchipEdge The secondary accumulator 84 operates as an adder which adds the primary values of an L1 (alter- 
natively L2) channel multiplied by the sign bit of the L2 (alternatively L1) primary accumulator. The secondary accu- 
mulator 84 is configured to add absolute primary accumulation values by selecting the SignlnSec input bit. For an 
L1 (L2) channel this bit is the sign bit of the Q-branch of the complex primary accumulator value of the first integra- 
tor 82 of the L2 (L1) channel. The secondary accumulator 84 is enabled by the SecondaryEnable strobe generated 
by the P-code generator unit. The secondary accumulator integration buffers 85 are updated on IntEpoch strobes. 
Combined Y-code estimate: In a further embodiment of the present invention, the primary accumulator 82 oper- 
ates functionally as an adder which adds a sequence of despread (with a locally generated replica of the P-code) 
samples over one W-code interval signaled by WchipEdge. The secondary accumulator 84 operates as a combiner 
which combines the primary values of the primary accumulator 82 and the estimated W-code chip. One method of 
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combining includes summing the values output by the primary accumulator 82 multiplied by the estimated W-code 
chip value. However, the present invention includes other methods of combining. For instance, the present inven- 
tion includes combining the outputs of the primary accumulator 82 in dependence upon a confidence level in each 
output from accumulator 82. The estimated W-code chip is obtained by comparing the absolute values of the pri- 
mary accumulator of the Q-branch of the complex primary accumulator value of the first integrator 82 of the L1 and 
L2 channel The estimated W-code chip value (or Y-code value) is the sign bit of the largest value from this com- 
parison. Because of the lower transmit power, a scaling value may be applied to the L2 signal which is usually more 
powerful than the L1 signal. A value of 0.75 is suitable. The secondary accumulator integration buffers 85 are 
updated on IntEpoch strobes. Rg. 14 shows one embodiment of the selection logic required to provide the Y-code 
estimate indicated above. The outputs of the primary accumulators 82L1 and 82L2 for the L1 and L2 channels, 
respectively are applied to absolute value circuits 861 . 862. respectively, whereas the sign of each of these primary 
accumulated outputs is transferred to a Y-code estimate selector (or W-cod chip estimate selector) 865. In the 
absolute value circuits 861 , 862 the absolute value of the respective primary accumulator value is determined. The 
absolute value output from circuit 862 may be modified to allow for received power differences between the L1 and 
L2 signals e g. it can be multiplied by a factor such as 0.75 (multiplier 864). The modified absolute values are input 
to a comparator 864 which compares the two absolute values and outputs a signal to a Y-code estimate selector 
865 indicating which of the signals from L1 or 12 has the largest absolute value. The selector 865 selects the sign 
of the signal with the largest absolute value as the value for the W-code chip or, optionally, an alternative value. The 
optional alternative value may be zero, e.g. when the confidence in the result is low. The output for the Y-code esti- 
mate selector 865 is combined with each of the primary accumulated values of the L1 and L2 accumulators 82L1 
and 82L2 for use in the secondary accumulators 84L1 and 84L2 respectively. 

[0076J A P-code unit such as 42 in accordance with the present invention has two main functions: generating the rep- 
licas of the GPS and GLONASS P<o6e sequences for L1 and L2 and generating the W-code integration control strobe 
signals ( WChipEdge) for L1 and L2. The latter is used for tracking the GPS Y-code signal with the coded squaring, the 
coded cross-correlation technique and other techniques described above particularly the combined Y-code estimate 
embodiment of the present invention. One P-code unit 42 - 45 is provided per dual-frequency channel. 
[0077] The P-code sequence and the sequence of W-code integration control strobes are the same for L1 and L2 but 
with a relative delay due to different ionospheric and front-end group delays at the two frequencies L1 and L2. The total 
group delay difference between L1 and L2 does not exceed 1 microsecond. This delay is the sum of the maximum spec- 
Hied ionospheric group delay of 800 ns between L2 lagging L1 and 200 ns due to front-end group delays. L1 can only 
lag L2 due to different front-end group delays. Hence the total group delay between L1 and L2 can vary between -200 
ns and 1 microsecond. A delay of 1 microsecond is equivalent to 10 GPS P-code chips or 5 GLONASS P-code chips, 
while 200 ns corresponds to 2 GPS P-code chips or 1 GLONASS P-code chip. These numbers are a factor of 10 lower 

for CA-code chips. . . 

[0078] A P-code unit block diagram in accordance with an embodiment of the present invention is shown in Pig. 15. 
Its main modules are the P-code generator 92, the W-rate generator 94, the cycle difference counter and switch con- 
troller 96 the P-code and WChipEdge delay-lines 91 , 93 and the sequence switches 95, 97, 99. The P-code generator 
92 contains functionality for generating replicas of the GPS and GLONASS P-code sequences, P-code observables, 
and functionality to initialize the P-code and perform P-code handover which controls the enabling of the P-code. 
Because both code sequences are delayed versions of the same code, a single P-code generator 92 and a single W- 
Rate generator 94 with additional delay-line 93, and control and switching logic is used to produce both sequences for 
L1 and L2 The lagging sequence is obtained from a delay-line 91 . 93 controlled by the cycle difference counter 96 while 
the other is taken directly from the generator output which is the replica of the P-code and the W chip edge, respectively 
The cycle difference counter 96 records the phase difference between the L1 P-code code sequence and the L2 P-code 
sequence as an integer number of code chips. This phase difference is the same for the L1 . L2 W chip edges. An initial 
difference is programmed by the microprocessor 1 01 and represents the relative delay of the L1 and the L2 sequences. 
It is the accurate determination of this difference which needs to be performed by the acquisition software. The switch 
control and the switches 95. 97. 99 enable the microprocessor 101 to select which of the two L1 or L2 sequences of P- 

code and W chip edges is lagging the other. 

[0079] The GLONASS P-code is a binary sequence with a nominal chip rate of 5. 1 1 Mhz generated by the code NUJ 
and a sequence duration of precisely one second. The P-code is the tenth tap of a 25-tap linear feedback shift register 
(LFSR) with generating polynomial defined as: 

G P = 1 + X 3 + X 25 

The code sequence is short-cycled to a length of 5,1 10.000 chips, this corresponds to the LFSR state of -0CBE669* 
hexadecimal. The initial state of the P-code generator is a vector of 25 ones. This state coincides with the one-second 
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sequences, whose generating polynomials are defined as: 

X26 = 1 + X 2 + X 3 + X 4 + X 8 + X 9 + X 12 
TheX^sequenceissho^y^^ 

ilar to the X) sequence, the X2 P™*»« WhenTe X2A LFSR completes its 3750th period it is 

it is initially hatted tor the duration of ^^^^S^S^iM d""*™ ° f 37 p -° ode chip peri0dS " CBU * 

S SSSL'S: - - «. de,a, the « and X2B LPSBs are reset 

to the initial states shown in table 2. 
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reSred to as the Z count in »«r-J-JJ « ^J** ge^wKLd ul th, X,/> generator 

S^. «acy • M X. p«l«. «M.S "^3*^*., stahs the generate 0. a P<»de 
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10 



15 



20 



u, .McoHtnfinriahiah-orecisionpseudorange. His obtained from a 24-bit counter, which 
a period of A P-code chips followed by N strobes at a rate oti * rews ~< 

epoch, generated by the P-code generator. Tta MUU ^.J^^^^JSi the L1 andU P-codes. 
[0087] The cycle difference counter 96 is a S-b '^^J^ 9B lit derives a delayed version of a P-code 
UrLedinP-codech^^ 

:=nT^^ 

£ controlled indirectly by programming the frequency and ^^^^SX^tm the LI code NCO 

^ZS^^^^^^-^'^ *•* 

IB maximum delay of 10. .„„,„__ ^a*™ the L1 and RF secaora. me 12 P«ode mBy lead Ihe L1 
[00881 

rairr^r^ 

observable and the difference of the L1 and L2 code ,NCO phase rf |en0h 10 . Both delay 
[0090] In each P^ode unrt 90 there is one P-code delay line 91 91 . « similar to a f irst- 
ines91.93areclockedbythe^^ 

the input of the delay line 91 1 . 93 ■ described with respect to particular applications and architec- 

attached claims. 
40 Claims 

,. An apparatus for process recehved spread spectrum signals modulated with a un*ue pseudo-random code. 

comprising: 

a plurality ol channel modules each IncWna I a „ ^ku, 
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30 



35 



45 



the chain. 



Sna^or carrier signals to each next channel module with a delay or wrthout a delay. 

3. An apparatus for processing received spread spectrum signals modu.ated with a unique pseudo-random code, in 

55 particular in accordance with claim 1 or 2, comprising: 
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and/or carrier signals being passed from one channel module of the chain to the next: and 

a ^ctTfor Electing to tansmit the code and/or contro. signals and/or carrier signals to the next channel 

module in the chain with a delay or without a delay. 

■ a„ 30^5 for tracking received spread spectrum signals modulated with a unique pseudorandom code and for 
oD^nC^Saton profile, in particular in accordance with any of the daims 1 to 3. compns.ng: 

pseudo-random code at regular time intervals; 

rSfflt^^JS^ of the first Iterated r^ 
psSaSdom code, each second version having, in any one time interval, a selectably drfferent t.m.ng com- 

^dS^^^ 

iZSeZs with different ones of the second versions of the first replica and outputhng the results, and 
a s^oXngle integrator for integrating each output of the second demodulator separately. 

5. The apparatus according to daim 4, wherein the first and second generators are provided by: . 

a third Generator for generating a third replica of the pseudo-random code: 

a X lineTwhich'he outpS of the third generator is applied, the delay line having a pluralrty of taps where- 
from the third pseudo-random code replica is available at different relative trmngs thereof, 
the output of one tap of the delay line being the output of the first generator: 

Z S generator being provided by a selector conneded to second outputs of the plurality o taps of the 

fererrt ones of the second outputs at predetermined times as second versions of the first replica of the pseudo- 

random code. 

6 An apparatus for despreading received spread spectrum signals, in particular in ac^orc^nce vrth a^of the clain« 
VtoTaTleSt a partof the receded signals being modulated with a first unique coarse acqu.srt.on pseudo-random 
code and a second predsion unique pseudo-random code; comprising: 

a first plurality of correlators, 
a^dSt^ 

trum signals with respect to one of the first and second unique pseudo-random codes. 

7 An acoaratus for desoreading received spread spedrum signals, in particular in accordance with any of the claims 
noTatTeSt a tne ILved signals being! modulated with a first unique coarse acquisition pseudorandom 
code and a second predsion unique pseudo-random code; comprising: 

a demodulator for demodulating the received spread spectrum signals, with a replica of thef irst pseudo-random 
^integrator for integrating the result fmm the demodulator ar«l for during the integrated vaiue 
rate of the first pseudo-random code or a multiple thereof ; 

a s^S irSlator for integrating the results from the first integrator over a time penod longer than the .nte- 
gration period of the first integrator. 

a An aooaratus for processing L1 and 12 spread spectrum signals received from at least one satellite of a global posi- 
SSS i ^ accordance with any of the claims 1 to 7. wherein each of the 
nTSiSudeT a Unique frequency carrier with a known pseudo-random known code modulated thereon. 

comprising: 

n nonoratnr for aeneratina a single replica of the known code; 

a IZ^e £nned<£ t !*• generator, the delay .ine having a pluraHty of taps wherefrom the known code rep- 

lira is available at different relative phases thereof; . 

a M SSS£ connected to the generator for demodulating one of the received Li and L2 s-gnals with the 
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thereon, comprising: 

^SSSS, *» den,*-* « <*. tf th. r«*ed L1 and L2 «» . «*> - »» 

SS- -x-U-m. ir*idua* and .h. c^ln. .0, *. d*™*,- 

ulated other of the L1 and L2 signals. 

10 The apparatus according to claim 9. wherein the combiner is a multiplier. 

11 A method of processing received spread spectrum signals using a plural* of channel modules each including a 
correlator, comprising at least one of the following steps: 

rality of channel modules with or without delay. 

12 Amemodtortmcwngrece^^^ 

coSon profile, in particular in accordance with claim 11. comprismg the steps of. 

generating a f irst locally generated replica ^the p^eud^a^orn «r* d ^ 

S25EE&^£^^ * - J ™ - in a ,irst 

integration step using a first integrator. nenerate d reolica of the pseudo-random code, each 

interval; ^ . . im einna i Mh diff eren t ones of the second versions of 

55 ing steps using a single second integrator. 

13. The method according to claim 12, wherein the generating step includes: 
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. • ^.hirdreolicsofthepseudo^^ 
using a first output from a M one of ^«2^^" 0 27^^ from me p.ura.ity of taps 

code. 

of correlators, the method comprising the steps of. 

Sat rtVMond precision u we pseudc-random code; comprising »e steps of . 

demodUallng M r<ceived spr«d spec.™ efcnals with • ^"E^"^ 

tion period of the f irst integrator. 

,e. Arne^otp-oc^ngu arat^e«^^ 

». «her ofth, «*- L1 and 12 signals with Ihe gene*- «P«=. - - *»«• «* *»" 

one of the taps of the delay line, and ...... . ,_ vad -=„■- reB iica of the known code to the other of 

tttSSWJXSttZXSEZ Li-—-.——— 

replica of the known code from one of the taps of the delay line. 
17. The method according to claim 16. further comprising the steps of: 

repetitfvely and separately integral ^^^^^Z^™^ signate in order 
adjusting the phases of the locally ^^'^Te^T^s. whereby the resulting locaHy gener- 



racy. 



so 18. The method according to da^ 

^ .. * a o»h« of ihe received L1 and L2 signals with a plurality of generated replicasof 

a generated replica of*. Kr«w code from ooed the Bps ot the delay l.n. 
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and the phase adjustment step includes correlating a result of the integration step , from each of the two L1 and 12 
ZZSam with !he integrated signal of the other of the L1 and 12 agnal paths; and 

adjust the phases of »e local* gene—n ~£ £ES 

accuracy. 

of the signals includes a unique frequency earner with a known pseudo-random r-coue 
modulated thereon, comprising the steps of: 

locally generating replicas of the known P-code; _ 
demodulating the received L1 and L2 signals wrth replicas of the P-code. 

redely and separately integrating the demodulated L1 and L2 s,gnals over tme penods related to the 
ctTng^ltof^ 

^^Z^^^^ 'oition of the receMng postfon with high accuracy, 
wherein the correlating step includes: einna i Q - 

paring step; and . 
accumulating individually and separately the results of the combimng step. 

21 . The method according to claim 20. wherein the combining step is a multiplying step. 
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FIG. 5 
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FIG. 6 
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